Introduction
Large numbers of spermatozoa have been seen in a para-aortic lymph node in a man 1 year after vasectomy (Ball, Naylor & Mitchinson, 1982) and, rarely, in lumbar aortic lymph nodes of vasectomized Balb/c mice (R. Y. Ball, unpublished observation). Such observations suggest one mechanism which might stimulate the production of autoantibodies against spermatozoa, a phenomenon often seen after vasectomy (Faulk & Fox, 1982) . Testicular lymphatic cannulations were performed on rams and boars at intervals after vasectomy to determine whether the passage of spermatozoa in testicular lymph (hereafter referred to as 'spermatolymphia') occurs regularly after vasectomy.
Materials and Methods
Four rams of the Clun Forest breed aged 2^-3i years (mean 2\ years) and of mean weight kg (range 77-96-5 
Specimens
The lymph samples from rams and boars were centrifuged at 1500-2000 g for 10 min. The pellet was resuspended in about^volume of saline (9 g NaCl/1) to concentrate the cells. Cell counts were determined using an improved Neubauer chamber and smears were fixed in methanol and stained with haematoxylin and eosin for differential counts. Necropsy was performed immediately after the animals had been killed. The major testicular axes were measured and wedges of testicular tissue and the lymph nodes draining the testis and nodes from other regions of the body were fixed in Bouin's solution. The left testis in 2 of the rams appeared normal but in the other 2 it was smaller and softer than usual. Both these rams also had large spermatic granulomata in the cauda epididymidis ( Fig. 4 ) and some associated intraluminal macrophages. The vasectomy site in all animals showed a foreign-body reaction to the ligature and small spermatic granulomata. Adjacent lymphatic vessels in 2 animals contained spermatozoa. In the animal killed at 8 weeks there was a large focal accumulation of lymphocytes containing numerous germinal centres. There was histological evidence in 3 boars of escape of spermatozoa into the tunical sac before death.
Para-aortic lymph nodes from all animals contained large numbers of sperm heads. They appeared normal histologically and lay in the sinuses, where many had been phagocytosed by macrophages or large epithelioid-like cells. Many phagocytes contained several sperm heads each. In the boar killed at 8 weeks some of the sinuses were dilated and contained large masses of agglutinated spermatozoa surrounded by a prominent granulomatous reaction with macrophages, epithelioid cells and Langhans-type giant cells (PI. 2, Fig. 5 ). Spermiophagy was widespread in such lesions but pigmentation was absent. Para-aortic lymph nodes from all boars contained clusters of pigmented cells, similar to those seen in the rams, in the paracortex or lining the sinuses. A few such cells contained phagocytosed sperm heads (PI. 2, Fig. 6 ). Germinal centres were large and appeared active and cells containing brown, PAS-positive, weakly acid-fast pigment were seen at their periphery and within their substance. Plasma cells were not conspicuous. Lymph nodes from other regions (e.g. the right spermatic cord (1 animal); near the left renal artery; and from the axilla) appeared active with large germinal centres but contained no spermatozoa and hardly any pigmented cells.
Discussion
Testicular lymph, which would also receive a component derived from the epididymis (McBrien, Edwards & Kinmonth, 1972) , contained spermatozoa in all but one of the rams and boars after vasectomy. Spermatozoa appeared intermittently from as early as 1 week after operation and as late as 3 months afterwards. Spermatolymphia was seen in only one of the control catheters (and then only occasional spermatozoa were seen) and this probably was the result of minor trauma sustained during the insertion of the testicular venous catheters. Cross-over of lymphatics at or below the level of the inguinal canals is most unlikely.
It seems that spermatozoa enter the lymphatics during the development of interstitial spermatic granulomata. Spermatozoa were recognized in lymph vessels adjacent to such lesions in these experiments and a similar observation has been made with human specimens (Friedman & Garske, 1949;  King, 1955; Glassy & Mostofi, 1956 (Ball & Mitchinson, 1977) .
Once they reach the regional lymph nodes the spermatozoa are rapidly phagocytosed by sinus macrophages. The latter tend to develop an epithelioid appearance and giant cells are also seen. In the pig examined 8 weeks after vasectomy spermatic granulomata were present within the lymph node sinuses. The spermatozoa appear to be degraded with the production of a ceroid pigment (Pearce, 1972) and the presence of small clusters of macrophages containing such material in the paracortex implies migration of sinus macrophages into the nodal pulp. Such a migration may be important in the development of the immune response (Hoefsmit, Kamperdijk & Balfour, 1980 (Ball & Mitchinson, 1977) .
Spermatolymphia after vasectomy has also been noted in a man 1 year after vasectomy (Ball et al., 1982) and in mice (R. Y. Ball, unpublished observation). The direct access of sperm antigens to regional lymph nodes during the first few weeks after vasectomy correlates extremely well with the time-course of development of serum antisperm antibodies (Faulk & Fox, 1982) . It seems likely that spermatolymphia may be a powerful stimulus to the development of such autoantibodies after vasectomy and, presumably, also in some cases of obstructive azoospermia (Riimke & Hellinga, 1959) .
Several other abnormalities developed after unilateral vasectomy in our experiments. These included: testicular atrophy in 2 rams; distension of the cauda epididymidis and proximal ductus deferens by retained spermatozoa; spermatic granulomata at the vasectomy site and, in a few animals, in the cauda epididymidis; and escape of spermatozoa into the tunical sac. None of the boars showed any testicular abnormality up to 8 weeks after vasectomy and spermatogenesis was unaffected in the pigs and in the 2 rams with normal-sized testes. In the rams with atrophie testes after vasectomy, spermatogenesis was disturbed and there were focal inflammatory lesions. These 2 rams also had interstitial spermatic granulomata in the cauda epididymidis, suggesting raised intratubular pressure, at least in the distal epididymal duct. If such increased pressure were transmitted to the seminiferous tubules atrophie changes might occur (Vare & Bansal, 1974 (Tischner, 1971 Spermatic granulomata developed at the site of vasectomy, in the tunical sac and, in a few animals, in the cauda epididymidis. Their histological appearances were similar to those occurring spontaneously in domestic animals (Jubb, Kennedy & McEntee, 1970 (Alexander, 1977) .
The parts of the epididymis which appear to be important for sperm maturation (Glover & Nicander, 1971) showed no significant abnormality after vasectomy except in one ram in which a few luminal spermiophage cells were noted in the efferent ducts. Similar cells are seen after vasectomy in rhesus monkeys (Alexander, 1972; Tung & Alexander, 1980) and rabbits (Alexander & Tung, 1977) and in men with obstructive azoospermia (Phadke, 1964) and are also observed in so-called 'brown patches' of the epididymis (Mitchinson, Sherman & Stainer-Smith, 1975) . In rams and boars intraluminal phagocytosis does not appear to be an important means of disposing of spermatozoa after vasectomy, at least in the first 2-3 months.
The production of antisperm antibodies after vasectomy may be a consequence of spermiophagy or of lysis of trapped spermatozoa, thereby releasing soluble antigens. However, spermatolymphia may be a potent stimulus to the development of such autoimmunity and could be at least as important as the other mechanisms.
